Students who wish to complete an independent lab project for Module 2 are encouraged to explore any aspect of mechanics that catches their interest and imagination. The project does not have to be a direct application of material that is presented in class; there is an unending variety of phenomena to be explored and studied. We will assist you in identifying doable projects and we can guide you to resources that may suggest interesting topics for study.
Measuring Young's modulus:
When a force is applied to a length of copper wire, for example, by hanging a small weight from the wire, the wire stretches.
As we studied in lecture, this stretch can be understood using a simple ball and spring model of the atomic structure of the metal. Engineers quantify the elastic properties of solids with Young's Modulus. Using helium-neon laser and an optical lever arrangement, similar to that described in the exercise "Tread Lightly", you can attempt to measure the very small extension of a wire when under tension, and thus experimentally determine Young's Modulus. This is one of the more challenging measurements to make in the 107 lab. David's analysis of seed dispersal in the plant jewelweed was based on highspeed video recordings of the seed release. Jewelweed is found on our campus, and October is a prime month for the release of seeds. This suggests a nice project, taking advantage of our high-speed camera, involving both plant biology and physics. Professor Ellerby can be recruited to help you find the jewelweed… 6. Visualizing standing sound waves: A Kundt's tube has a long rod suspended inside a glass tube with cork dust placed along the bottom. The rod is stroked with a rosined glove, the glass tube is positioned so that standing waves in the tube cause the cork dust to oscillate. The wavelength of sound in the air can be determined by measuring the distance between the peaks of the piles of dust.
Explosive seed dispersal:
Since the speed of sound in air is known, the frequency of the oscillation can be found. This is used to determine the speed of sound in the rod. See http://youtu.be/JpAUNtKLIAs for a nice YouTube video of a version of a Kundt's tube driven by a vibrating diaphragm. You can perform this latter series of investigations using one of our open speakers to produce the sound waves.
Crop rotation:
What do you expect would happen if you try to grow plants in a rotating reference frame, such as on top of a spinning turntable? Will the plants grow vertically or tilted either toward or away from the center of the turntable. Maybe there's only one way to find out… We'll supply the turntable, and we'll ask the biologists what can be grown in a hurry. You supply the physics.
Why do you "warm up" a squash ball?
We've all observed that a ball dropped onto a surface does not rise to the height from which it was released. The closer the rebound height is to the initial height, the more elastic the ball; this is quantified by the "coefficient of restitution" (COR), which is easily measured with a Vernier Motion Detector. The following article reports on an interesting temperature dependence of the COR of squash balls: they are more elastic when warmer. The article also raises an interesting point: how much of the ball's elastic behavior is due to the rubber forming the ball, and how much has to do with the air inside? If a hole is drilled in the ball, these effects can be studied separately.
Relevant article:
The Where does the mass on a spring stop? At some point in the semester, we may ask you to write a VPython program simulating the motion of an oscillating mass subject to the force of friction. The standard treatment assumes that only kinetic friction is relevant to this problem. There is a big problem with this model, though: what about the presence of static friction every time the block comes to a stop? On any surface with appreciable friction, the block will get "stuck", coming to a stop somewhere other than at the equilibrium point: the force of static friction with the surface can keep the block motionless against the force of the spring pulling it back to equilibrium. The following paper details an experimental and theoretical analysis of the problem, using a simple experimental setup (using a motion detector) and a simulation (your VPython program is a perfect starting point).
Relevant article: 
where L is the length of the pendulum. However, when the amplitude of oscillation is not small, the results are not simple. 
Oscillating party balloon:
The intriguing midair oscillations of a party balloon with a hanging tail having a variable length on the floor can be shown to require a rather sophisticated explanation in terms of variable-mass dynamics. The ubiquity of this phenomenon, the accessibility of its actual observation, and the subtlety of its analytic description provide a good opportunity for you to become the life of the party. The article below works out the theory. You could test this theory by video recording the phenomenon and extracting the balloon's position as a function of time.
Relevant article:
The case of the oscillating party balloon: A simple toy experiment requiring a not-so-simple interpretation
Full Text: Read Online (HTML) | Download PDF
Terminal velocity in a liquid:
When an object moves through a fluid (a gas or a liquid), the fluid will exert a "drag force" on the object. The magnitude of the drag force is determined by the speed of the object, the geometrical shape of the object, and the properties of the fluid. When an object falls through a fluid, the drag force opposes the gravitational force on the object, leading to a downward acceleration that is less than 9.8 m/s 2 . In some circumstances, the object's acceleration will reach zero and the object will then be traveling at what's called its "terminal velocity".
Consider investigating the terminal velocity of different sized spheres in a fluid. Based on a model for the drag force determine how the terminal velocity should depend on the diameter of the sphere. You can also measure properties of the fluid such as its viscosity using terminal velocity measurements.
Digital cameras and video cameras as measuring devices:
A wide variety of experiments can be done using a digital camera or video camera to capture motion. In the case of video, quantitative data can be extracted by playing the recording back "frame by frame". A number of interesting possibilities are described in the American Journal of Physics article below; the possibilities include the trajectories of water jets and the profile of a hanging chain. The experiments allow for a simple and direct quantitative comparison between theory and experiment. 
Recording motion with a high-speed camera:
The Physics Department owns a high-speed camera that is capable of recording up to 2000 frames per second with exposure times as short as 1/10,000 of a second. In the module 1 exercise "vacuum bazooka", the camera was used to capture the motion of a very fast ping-pong ball. The camera can be used to record and analyze other high-speed phenomena. For example, the "collision" between a tennis ball and a tennis racket, or a baseball and a baseball bat, can be recorded, and the forces exerted during the collision can be estimated from the relationship between impulse and changes in momentum.
Drag forces measured with a pendulum:
As described in Project #4 above, the magnitude of the drag force exerted by a fluid on a moving object depends on, among other things, the geometry of the object. A clever method for quantifying this dependence is described in the American Journal of Physics article listed below. The deflection of a pendulum in a wind tunnel is the key element in this measurement. We don't have a wind tunnel in the Science Center, but surely we can get our hands on a strong fan. Here is one topic that can be studied with this apparatus: how does the magnitude of the drag force of air on a spherical object depend on that object's radius? We want our own pendulum wave machine! If you are a pair of enterprising students with a penchant for design and construction, please consider putting together a Wellesley version that we can put on display in the Science Center.
We happen to have a close connection with the Harvard folks who built the pendulum wave, and they would be happy to share some of their construction tricks with you. Your project could start out with a field trip to Harvard to meet with a member of the Lecture Demo Services.
Relevant articles:
Pendulum waves: A demonstration of wave motion using pendula R. E. Berg American Journal of Physics, Feb. 1991, Vol. 59, pp. 186 interpreting the splatter pattern of fluid droplets: As described in the American Journal of Physics article listed below, the problem of finding the height from which splattered droplets of a viscous fluid (read…blood) originated is "a longstanding obstacle to accident reconstruction and crime-scene analysis". The article outlines a fairly simple method of determining this height from the equations of projectile motion and the "aggregate statistics of the splatter". Yum. Give it a try, but don't use real blood.
